A reduced ferric molybdophosphate, (H 2 en) 3 (Hen) [Fe III 3 Mo V 12 O 24 (OH) 8 (HPO 4 ) 4 (PO 4 ) 4 ] ·3H 2 O (1) has been hydrothermally synthesized and characterized. In compound 1, a sandwich-shaped cluster [Fe(Mo 6 P 4 ) 2 ] is connected to eight peripheral {FeO 5 (OH)} octahedra through its eight {PO 4 } tetrahedra to form a three-dimensional framework with channels which are filled by water and protonated ethylenediamine molecules. The compound exhibits a 4,8-connected 3-D network with a (4 12 6 12 8 4 )(4 6 ) 2 topology. The DC susceptibility measurement has shown an antiferromagnetic character of the exchange interactions. Additionally, the electrochemical properties of 1-CPE were studied in detail.
Introduction
Current interest in polyoxometalates (POMs) is rapidly expanding owing to their intriguing structures and topological features as well as their potential applications in catalysis, molecular adsorption, medicine, electro-conductivity, magnetism, and photochemistry [1] . The construction of POMs with differently extended dimensionality and with controllably tailored properties has become a very important subject. One important strategy for the synthesis of POMs is to utilize hydrothermal synthesis methods to find some suitable bridging units and then to link POM building units up into extended solid frameworks. More recently, a wide variety of molybdenum phosphates with transition metals has been synthesized and characterized [2] . However, due to the limits of coordination numbers of bridging units and the steric hindrance issues of most POMs, it is very difficult to construct highly connected coordination frameworks.
Notably, in the large POM family, the reduced molybdophosphates containing Mo-Mo bonds are an important subclass and have wide application in catalysis owing to their microporous character and also to their redox properties. The P 4 Mo 6 X 31 { X = O, OH } 0932-0776 / 11 / 0100-0049 $ 06.00 c 2011 Verlag der Zeitschrift für Naturforschung, Tübingen · http://znaturforsch.com POMs with various degrees of protonation have been regarded as suitable anionic templates to build up 3-D and highly connected structures. At these very stable structural units, the highly active surface oxygen atoms of [P 4 Mo 6 ] can be easily engaged in bonding with alkali metals and many transition metals to form 1-D chains [3] or 2-D polymers [4] and 3-D networks [5] . However, in comparision with the variety of other transition metal hybrid compounds, the 3-D [P 4 Mo 6 ] POMs containing iron have remained relatively undeveloped, and only a few examples have been reported so far [6] . Therefore, it remains a great challenge to design and synthesize new highly connected organicinorganic hybrid POMs with a new structure topology. So we have turned our attention to the construction of binodal and highly connected [P 4 Mo 6 ]-based hybrids with iron cations.
As it is difficult to predict the exact structures and conformations of the final products, we carried out a series of hydrothermal reactions by changing the reaction conditions, such as temperature, molar ratios, counterions and so on. Fortunately, we have thereby synthesized and structurally characterized the target, 3 Fe (2) 
form a 3-D framework with channels (Fig. 4) . This organization leads to the petalous shape of channels along the b axis, which are surrounded by two [Fe (1) (Fig. 4b ). Free protonated ethylenediamine (H 2 en) units and water molecules are located in these tunnels (Fig. 4) .
To date, a three-dimensional and eight-connected open network structure which is constructed from molybdenum(V) phosphate, interconnected only with iron cations, has not been reported.
The crystallographic and structure determination data of compound 1 are summarized in Table 1 . On the basis of bond valence sum (BVS) calculations [8] , all Mo and Fe centers are in the oxidation states of +5 and +3, respectively. The oxidation states of the Mo and Fe atoms are consistent with the formula of compound 1.
IR spectrum
In the IR spectrum of compound 1 (Fig. 5) , the strong bands at 959 cm 
Thermal analysis
The X-ray diffraction analysis has confirmed that compound 1 contains a certain amount of coordinated water and clathrate water molecules, making a TG analysis indispensable. The thermogravimetric analysis of compound 1 carried out from 25 to 800 • C (Fig. 6) shows three major weight losses. The first and 
Voltammetric behavior of 1-CPE
To determine the redox properties of compound 1, a 1-bulk-modified carbon paste electrode (1-CPE) was fabricated as the working electrode due to its insolubil- ity in water and common organic solvents. The cyclic voltammetric behavior for 1-CPE in 1 M H 2 SO 4 aqueous solution was investigated at different scan rates was investigated. Three reversible redox couples were observed in the potential range from −200 to 800 mV shown in Fig. 7 . The half-wave potentials E 1/2 = (E pa + E pc )/2 were −46 (III-III ), 226 (II-II ) and 398 mV (I-I ) (scan rate: 100 mV s −1 ). Every redox peak corresponds to a one-electron redox process of Mo [9] . The cathodic peak potentials shift to the negative direction, and the corresponding anodic peak potentials shift to the positive direction with increasing scan rates. The peak-to-peak separations between the corresponding anodic and cathodic peaks increase, but the average peak potentials do not change on the whole.
Magnetic properties
The DC magnetic susceptibility (χ m ) data were measured in the temperature range of 2 -300 K in a 1000 Oe magnetic field and are plotted as χ m T vs. T in Fig. 8 for 1 . The product χ m T of 13.25 cm 3 K mol −1 at 300 K decreases continuously to 10.08 cm 3 · K · mol −1 at 2 K. The χ m T value at r. t. is a little lower than the expected value (χ m T = 13.13 cm 3 K mol −1 ) for 3 uncoupled Fe III ions (S = 5/2, C = 4.375 cm 3 K mol −1 ) taking into account the g value of 2.0. This result suggests that all delocalized electrons in the polyoxoanion cluster might be totally antiferromagnetically coupled. The 1/χ m vs. T curve is consistent with the Curie-Weiss law between 2 and 300 K with C = 13.21 cm 3 K mol −1 and θ = −0.74 K. The negative Weiss constant (θ ) suggests the presence of mainly antiferromagnetic interactions between the Fe III cations in compound 1. 
Conclusion
In summary, a new ferric molybdophosphate based on [P 4 Mo 6 ] units has been synthesized and characterized. In the compound 1, a sandwich-shaped cluster [Fe(Mo 6 P 4 ) 2 ] is connected to its peripheral eight {FeO 5 (OH)} octahedra through its eight {PO 4 } tetrahedra into a three-dimensional framework with channels which are filled with mono-and diprotonated ethylenediamine and water molecules. It represents the first 4,8-connected 3-D organic-inorganic hybrid POM in the {P 4 Mo 6 /Fe} series. The isolation of compound 1 shows that the [P 4 Mo 6 ] cluster is a good inorganic ligand to build 3-D and highly connected structures.
Experimental Section

General procedures
All chemicals were commercially purchased and used without further purification. Elemental analyses (C, H and N) were performed on a Perkin-Elmer 2400 CHN elemental analyzer. The contents of Fe, Mo, and P were determined by a Leaman inductively coupled plasma (ICP) spectrometer. FTIR spectra were recorded in the range of 4000 -400 cm −1 on an Alpha Centaur FTIR spectrophotometer using KBr pellets. The TG analyses were performed on a Perkin-Elmer TGA7 instrument under flowing N 2 with a heating rate of 10 K min −1 . The magnetic susceptibility data were measured with a Quantum Design SQUID magnetometer MPMS-XL in the temperature range of 2 -300 K at 1000 Oe. 3 
Preparation of (H 2 en)
Preparation of 1-CPE
The 1-CPE was prepared as follows: graphite powder (0.3 g) and compound 1 (0.03 g) were mixed and ground together in an agate mortar and pestle to achieve a uniform mixture, and Nujol (0.2 mL) was then added with stirring.
The resulting paste was packed in a glass tube (3 mm diameter), and a copper rod was inserted through one end of the tube to make electrical contact.
X-Ray crystallography
A deep-red block-shaped single crystal with dimensions of 0.20 × 0.16 × 0.12 mm 3 was mounted on a glass fiber. Single-crystal X-ray data of compound 1 were collected on a Bruker SMART CCD diffractometer equipped with graphitemonochromatized MoK α radiation (λ = 0.71073Å). A semiempirical absorption correction was applied using the program SADABS. The structure was solved by Direct Methods and refined by full-matrix least-squares methods on F 2 using the SHELXTL-97 software package [7] . All non-hydrogen atoms were refined anisotropically. Hydrogen atoms on carbon and nitrogen atoms were included at calculated positions and refined with a riding model. The crystallographic and structure determination data of compound 1 are summarized in Table 1. CCDC 768658 contains the supplementary crystallographic data for this paper. These data can be obtained free of charge from The Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data request/cif.
